abstract OBJECTIVES: Aims of this study are to determine (1) the association of oral health services (OHS) provided by nontraditional providers with the percentage of Medicaid children 0 to 5 years of age who receive ≥1 preventive services from all provider types in the United States; and (2) characteristics of state Medicaid policies associated with provision of OHS.
Concerns about the prevalence of dental disease among American children and barriers that prevent them from gaining access to dental care have contributed to a national discussion about potential solutions. Many highly visible organizations have highlighted the public health problems presented by dental disease and recommended strategies to help resolve problems. [1] [2] [3] [4] Much of the national discussion about oral health has centered on the performance of public insurance programs. In 2013, 37% of children in the United States were enrolled in Medicaid Early and Periodic Screening, Diagnostic, and Treatment (EPSDT) or Children's Health Insurance Program (CHIP), amounting to >38 million children. 5 An issue brief from the Children's Dental Health Project documented 7 hearings in the US Congress and 13 studies by the Government Accountability Office over 10 years starting in 2002 that focused on oral health issues. 6 One of these reports, published in 2008, estimated that 1 in 3 children 2 to 18 years of age enrolled in Medicaid was affected by oral disease. Approximately 1 in 9 had untreated disease, amounting to 6.5 million children. 7 One innovative strategy used to increase dental access is to reimburse medical providers for providing preventive dental services (PDS). Medicaid programs have taken the lead in encouraging nondental professionals to include preventive oral health services (OHS) in well child care. 8 Because children frequently visit primary care doctors during their first 2 years of life, many opportunities exist to promote oral health in these settings. 9 By 2015, 49 of the 50 state Medicaid programs included this benefit for young children. 10 Studies in ≥6 states suggest that preventive dental interventions provided in medical offices will increase access to preventive services, [11] [12] [13] [14] [15] but their national impact on use of prevention dental services is unknown. All major dental organizations and most state Medicaid programs recommend that children initiate preventive dental visits by 12 months of age, 16 yet infants and toddlers are the least likely children of any age to have a dental visit. Griffin et al 17 reported that only 1.7% of 0-to 2-year-olds had preventive dental visits with fluoride applications.
The purpose of this study is to determine the impact of Medicaid program reimbursement policies for OHS provided by nontraditional dental providers on utilization of preventive services for young children 0 through 5 years of age. The specific aims are to examine (1) the association of OHS provided by nontraditional providers with the overall percentage of children enrolled in Medicaid who receive ≥1 preventive services provided by nondental and dental providers in the United States; and (2) characteristics of state policies associated with provision of OHS provided by nontraditional providers.
METHODS
We conducted a time-series crosssectional study of preventive services provided by medical and dental providers for Medicaid-enrolled children from birth to 5 
Data Sources
We extracted data for use in the study from the State Annual EPSDT Participation Report (CMS-416) for . This source provides aggregate administrative data reported by the states. We included the total unduplicated number of individuals who were enrolled in Medicaid or a CHIP Medicaid expansion program and determined to be eligible for EPSDT for ≥90 continuous days (line 1b), total number receiving PDS from a dentist or by a dental provider under the supervision of a dentist (line 12b), and total number receiving OHS provided by any health care provider who is not a dentist or not supervised by a dentist (line12f) for 3 age groups (<1 year, 1-2 years, and 3-5 years).
We were unable to determine whether services reported in line 12f were delivered by medical providers or unsupervised dental hygienists. To test for bias in our estimates of policy effect, we conducted a sensitively analysis in which we considered preventive services in states that allow direct access to dental hygienists and those that allow direct reimbursement of dental hygienists by Medicaid. [18] [19] [20] We considered the services reported in line 12f to be preventive services because of the young ages selected for study and dental practice acts, which prohibit treatment by nondentists. The time series started in 2010 because it was the first year that the Centers for Medicare and Medicaid Services (CMS) reported OHS provided by nondentist providers. The denominator for calculation of utilization rates was the number in the selected age group who were enrolled in EPSDT or CHIP for ≥90 continuous days as recommended by the Dental Quality Alliance. 21 For the second study aim, we added information about reimbursement policies for nondentist OHS from state-specific information maintained by the American Academy of Pediatrics on its Web site 10 and from 1 published study on adoption of physician-delivered PDS. 22 
Dependent Variables
The primary outcome variable for the first study aim was the proportion of enrolled children who received any PDS, calculated as the sum of the percentage of enrolled children 0 to 5 years of age who received ≥1 dental service from nondentists (referred to throughout as OHS, as recommended by CMS) and by or under the supervision of a dentist (referred to throughout as PDS). The sum of the 2 is referred to as total preventive dental services (TPDS). Preventive procedures are defined by Healthcare Common Procedure Coding System codes D1000 to D1999 (or equivalent Code on Dental Procedures and Nomenclature codes D1000 to D1999 or equivalent Current Procedural Terminology code). 23 For the second study aim, we limited the analysis to the subgroup of states that reported implementation of OHS and focused on these services alone.
Independent Variables
The primary independent variable used for the first aim was number of months since state adoption of a policy to reimburse nondentists for OHS. For the second aim, we considered 2 variables calculated from the date of Medicaid program benefit adoption in addition to implementation months: baseline months of implementation and stage of adoption categories ( 
Statistical Analysis

Descriptive Analysis
State-and year-specific variations in outcomes were explored descriptively. For each state, we calculated the mean percentage of enrolled children 0 to 5 years of age per year with ≥1 OHS or PDS (Table  1) . We also calculated mean change in these percentages by averaging differences in estimates for adjacent years. We display state estimates for the outcomes pooled across years in graphic form (Fig 1) . Year effects for each of the outcomes were explored descriptively in pooled state data stratified by age group and overall (Table 2 ; Fig 2) . Differences in means by year were tested by using analysis of variance (ANOVA) F tests.
The second aim was limited to states in which Medicaid programs had adopted a policy to reimburse nondentists and in which CMS-416 reports demonstrated evidence of provider-level implementation, defined as a value >0 for the number of OHS in each of the reporting years. The percentage of children who received OHS was compared by the various levels of the independent variables and tested descriptively by using ANOVA.
Model Selection and Specifi cation
We estimated linear regression models to examine the effects of Medicaid preventive oral health benefits provided by nondentists on the percentage of 0-to 5-year-old children with TPDS. We applied panel data multiple regression analysis techniques to exploit both time-series and cross-sectional variation in the data and to control for unobserved factors that might bias results. 24 We followed the steps for the regression analyses 25 recommended by Park 26 and used PANEL Procedure Software, version 9.3, of the SAS System (SAS Institute, Cary, NC). We tested for state-specific and year-specific fixed effects with the F test, using dummy variables in separate regression models to determine the need to control for unexplained cross-sectional and time-series variation. We found state-specific fixed effects (Wald F test = 252.315; P < .001) but no yearspecific effects (Wald F test = 2.009; P = .570). However, we rejected use of a 1-way state fixed-effect model based on the Hausman test (P > .1) and other statistical and substantive considerations in favor of a 1-way state random effects model, which offers improved efficiency over fixed-effects models. 24 Statistically significant Breusch-Pagan Lagrange multiplier tests supported the use of random effects over a pooled analysis in all regression models.
RESULTS
States demonstrated considerable variation in estimates for OHS, PDS, and TPDS ( Fig 2) . A larger percentage of 12-to 35-month-old children received OHS than the other 2 age 
Aim 1: Impact of Policy for OHS on TPDS
The average number of months since program adoption for the complete panel of 204 observations was 47.3 months (SD 40.93). In pooled bivariate analyses, number of months of program adoption was positively correlated with percent of 0-year-olds (Pearson correlation coefficient [r] = 0.507; P < .001), 1-to 2-year-olds (r = 0.557; P < .001), 3-to 5-year-olds (r = 0.316; P < .001), and all ages combined (r = 0.454; P < .001) receiving ≥1 TPDS.
Months since program adoption was associated at a statistically significant level with the provision of TPDS in regression models stratified by age and for all ages combined in the complete panel of 204 observations (Table 3 ). On average, 1 year of policy adoption was associated with a 1.5-percentage-point increase in TPDS.
Aim 2: Factors Associated With Provision of Preventive OHS
The analysis for the second aim was limited to the 38 states that had reported use of OHS for all 4 years, or a balanced panel of 152 observations. Of these observations, 32 (21.0%) were classified as early adopters, 108 (71.0%) as majority adopters, and 12 (7.8%) as late adopters. The majority of state observations (108; 71.0%) provided reimbursement for fluoride varnish only and required training of some type (n = 100; 65.7%). The average number of months per state per year that the program had been in place before 2010 was 32.3 (SD 34.37), and the average reimbursement amount per state per year was $25.80 (SD $13.22; minimum $9.00; maximum $55.46). Table 4 Maine, 15 North Carolina, 27 and Washington 11 are 3 of the more successful states that have documented their activities. All formed interprofessional coalitions of medicine, dentistry, and public health to participate in program development, but with a clearly identified lead organization to manage the activities. These partnerships refined existing networks to document the oral health problem and identify dissemination and implementation strategies, usually through an iterative participatory process of pilot testing, feedback, and resolution. To facilitate implementation, quality improvement efforts were undertaken and decision support tools were made available. Finally, ongoing monitoring and evaluation activities at state and local levels provided feedback on predetermined implementation benchmarks and outcomes.
Translation of evidence-based knowledge into widespread use is slow and often incomplete. 28 Theories and conceptual frameworks identify important steps that can help accelerate the translation process. 29, 30 Several appear to align with approaches used in states that have been most successful in
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FIGURE 2
Mean percentage of children enrolled in Medicaid with any OHS or PDS, by age, United States, 2010-2013. The literature and results of our study suggest that states that undertake comprehensive interventions to improve the delivery of preventive services in medical, dental, and public health settings can improve access. 35 Delivery of OHS in primary care can provide a temporary dental home for those children who lack access or the motivation to seek care in a dental office and increase use of preventive services in the dental office if effective referral practices are followed. 36, 37 Studies show that physicians underrefer for oral health problems, 38,39 so further research is needed to improve the linkage between medical and dental homes to help ensure continuous access to dental services beginning at ∼1 year of age.
The CMS national reporting system did not allow us to unduplicate TPDS by service provider type, so we summed the separate counts of OHS and PDS to get an overall estimate of TPDS. A comparison of the reported unduplicated number of enrolled children 0 to 5 years of age receiving any oral health or dental services, including diagnostic and treatment services, for the 2013 fiscal year with the sum of separately reported unduplicated medical and dental services suggests that the duplication rate is only ∼7%.
Most analysts believe that the CMS-416 system underreports utilization. 40, 41 The potential also exists for misclassification of OHS, because we were unable to separate preventive services provided in medical settings from those provided by unsupervised dental hygienists in public health settings. Our sensitivity analysis found that the coefficient for implementation months was unchanged when we included a covariate in regression models for direct access states or direct Medicaid reimbursement states for dental hygienists. The prevalence estimate for the percentage with OHS might be overestimated, but the effect of implementation months should be biased only to the extent that misclassification results in an attenuation of the effect. Finally, preventive services are not reported separately from treatment services for nontraditional providers, but this is unlikely to represent a concern.
CONCLUSIONS
Our study finds that policies to support integration of OHS into nontraditional settings such as medical practice are widespread among state Medicaid programs and are associated with an overall increase in preventive services for children 0 to 5 years of age. But diffusion into primary care is progressing slowly, and only a small percentage of Medicaidenrolled children are receiving OHS. Little translational research has been done on dissemination and implementation of OHS, but earlyadopting states can provide insights into successful strategies that can be used to improve access to PDS in medical and dental settings. 
